seeds were used to examine morphological properties, which included seed size, general shape, colour, and wing. During scanning electron microscopy, mature seeds (2-3) from each of the taxa were selected and mounted onto stubs with double-sided adhesive tape and were then coated with gold. The seed surface pattern was examined on the lateral surfaces of the seeds. For each sample, photographs of testa were taken using a JEOL Neoscope 5000 at magnifications of 50×, 150×, 400×, and 1000×. The terminology of seed characteristics in this work was based on the descriptions used by Stearn (1992) , Bartholtt (1981) , and Koul et al. (2000) .
This study showed 7 different types of seed surface patterns. These surface patterns are explained below.
Tuberculate: covered wart-like projections. Ruminate: penetrated by irregular channels giving an eroded appearance and running in different directions. Reticulate: having a raised network of narrow and sharply angled lines frequently presenting a geometric appearance, each area outlined by a reticulum being an interspace. Reticulate- (Bartholtt, 1981; Stearn, 1992; Koul et al., 2000) .
Results
The results of the study showed that the seed sizes of Turkish Lepidium were 0.8-2.9 × 0.5-1.6 mm. Among them, Lepidium latifolium L. had the smallest seed size with (Table 2) . Tuberculate patterns showed differentiation in detailed investigation with high magnification (Figures 1-3 ). Under this high magnification, the pattern was characterised by distinct hills, which had broad and flattened ends for L. campestre. There were distinct striae between the irregularly arranged hills, which were present on all seed surfaces (Figure 1 ). It was also observed that elevated patterns covered testa cells and their arrangement, and the pattern also had flattenedend hills and soft lower ridges with these hills in L. caespitosum (Figure 2 ). The pattern of L. pumilum showed soft broad lined hills on the high magnification SEM image. It was also seen that there were undulate structures between hills (Figure 2 ). Testa cells of L. crassifolium were observed using only high magnification SEM imaging. These cells had dull and thin boundaries, mostly covered with elevations. Structure and arrangement of elevations were unrelated to cells and cell boundaries. A slight undulate structure between elevations was noted ( Figure 2 ). These elevations cover cell boundaries and arrangement in L. latifolium and had irregular structures and arrangement, and were defined by soft textured and undulate hills ( Figure  2 ). The elevations in L. graminifolium, as related to pattern, covered cell boundaries and arrangement. Elevations were arranged like soft textured and not high hills and the tips of the hills were softly twisted; the structure between hills was smooth or undulate (Figure 3) .
Lepidium spinosum Ard. and L. sativum subsp. spinescens had ruminate seed surface patterns consisting of irregular elevations (Table 2) . When subjected to high magnification, the SEM image of L. spinosum showed that the cell boundary and arrangement were uncertain and the elevations had strong, but not sharp, features ( Figure  1) . In L. sativum subsp. Spinescens, testa cells were not distinguishable even under 1000× magnification because of soft textured, distinct hills covering all seed surfaces (Figure 1) .
Lepidium sativum L. subsp. sativum had a reticulateareolate seed surface pattern ( Table 2 ). The high magnification SEM image showed isodiametric, irregularly arranged cells that were elongated and parallel with the seed surface. The cell boundaries had sharp lines, and testa cells were found to have highly raised anticlinal cell boundaries (Figure 1) Lepidium ruderale, L. lyratum, and L. vesicarium had reticulate patterns (Table 2) . Under high magnification, the SEM image showed isodiametric, irregularly arranged cells that were elongated in parallel with the seed surface. The soft lined cell boundaries were thin and higher than the cell centre in L. ruderale (Figure 1) . The seed surface of L. lyratum had rounded testa cells arranged like a honeycomb. The cell boundaries were thin and had a soft structure, and seemed higher than the cell centre ( Figure  2 ). The seed surface pattern of L. vesicarium consisted of isodiametric testa cells regularly arranged and elongated, and parallel with the seed surface. The cell boundaries were higher than the cell centre and sharp lines were nonexistent (Figure 3) .
Lepidium virginicum had a reticulate-tuberculate pattern ( Table 2 ). The testa cells were broad and isodiametric and the cell boundaries were thin and did not have very sharp lines. The elevations were located in the cell centres, which were flattened-end hills (Figure 1) . Lepidium perfoliatum L. had a reticulate-fovate pattern (Table 2) . It had isodiametric and irregularly arranged cells. The cell boundaries were very thin and had soft lines, and the centres of the cells were higher than the boundaries. The testa cells of L. perfoliatum were found to have a reticulate structure (Figure 2 ).
Discussion
Scanning electron microscopy (SEM) studies show that fruit, seed, and leaf surface pattern characteristics are useful taxonomic characteristics for different families and genera (Kumar et al., 2012; Shahi Shavvon et al., 2012; Akçin et al., 2013) . Seed surface pattern, seed colour, and seed size provide valuable characteristics in delimitation of taxa in Brassicaceae (Vaughan & Whitehouse, 1971; Barholtt, 1981; Brochmann, 1992; Koul et al., 2000) . Fruit and seed characteristics should be critically evaluated in light of molecular and other morphological data (Moazzeni et al., 2010) . Tuberculate seed surface pattern is the most common pattern among the studied taxa; however, it is not a defining characteristic for Lepidium because it also seems to occur in unrelated genera like Erysimum L., Alyssum L., Lobularia Desv., and Camelina Crantz (Murley, 1951) . Other sculpturing types, like reticulate and reticulate-areolate, are also common in unrelated taxa in Brassicaceae (Tantawy et al., 2004; Moazzeni et al., 2007) . Therefore, seed surface pattern is not useful for delimitation of Lepidium, nor is it useful for delimitation at the generic level in Brassicaceae. However, at the specific level there are diagnostic characteristics that might be useful (Brochman, 1992; Koul et al., 2000; Tantawy et al., 
2004; Moazzeni et al., 2007; Pınar et al., 2007; Kasem et al., 2011; Kaya et al., 2011) .
This study confirms the previous finding that seed surfaces are tuberculate in Lepidium campestre, L. latifolium, and L. graminifolium (Murley, 1951) . This is the first report to record the tuberculate seed surface patterns of L. caespitosum, L. pumilum, and L. crassifolium. These are related taxa distributed in salty and marshy places (Hedge, 1965) . There are difficulties in separating these taxa in terms of seed surface pattern, even using high
magnification SEM photographs. This is also the first report of the reticulate seed surface pattern of L. lyratum (Figure 2 ) and L. vesicarium (Figure 3) .
Lepidium spinosum has a ruminate seed surface pattern (Figure 1) . It belongs to the section Lepiocardamon, together with L. sativum subsp. sativum and L. sativum subsp. spinescens (Hedge, 1965) , and is easily recognised by its fruits, which are horny at the apex (Vasconellos, 1964; Hedge, 1965) . L. sativum subsp. sativum and L. sativum subsp. spinescens are very close taxa. There are a few useful morphological characteristics to separate them from each other (Hedge, 1965; Jafri, 1973) . This study shows that seed surface patterns are also useful in the separation of these taxa. L. sativum subsp. sativum has reticulateareolate (Figure 1 ) and L. sativum subsp. spinescens has ruminate seed surface patterns (Figure 1) . L. spinosum and L. sativum subsp. spinescens seed surface patterns are reported for the first time in this study. L. sativum subsp. sativum has previously been reported as reticulate-rugose (Tantawy et al., 2004) , microreticulate (Kasem et al., 2011) , and areolate (Murley, 1951) . Murley (1951) reported the seed surface of Lepidium ruderale as glebulate and puncticulate, L. virginicum as tuberculate, and L. perfoliatum as areolate. However, the present study does not confirm those results (Table 2) . L. ruderale has reticulate (Figure 1) , L. virginicum has reticulate-tuberculate (Figure 1) , and L. perfoliatum has reticulate-fovate (Figure 2 ) seed surface patterns.
In conclusion, this study supports the use of seed surface patterns as a diagnostic characteristic for species level. There are other seed characteristics like seed size, seed shape, seed wing, and seed colour that might be helpful to distinguish some taxa (Tantawy et al., 2004; Pınar et al., 2007; Kaya et al., 2011) . Furthermore, seed colour seems to be useful at the specific level, because of the green seeds of Lepidium vesicarium and the blackish brown seeds of L. campestre and L. spinosum (Table 2) . Seed characteristics provide strong support for delimitation of studied taxa at the specific level, but understanding the importance of these characteristics at generic and subgeneric levels requires further studies. 
